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MEASURING AND SENSOR SYSTEM FOR DETERMINING 
A CHARACTERISTIC OF A FLUID AND METHOD FOR OPERATING THE SAME 



Description 

5 The present invention may be used in measurement technology, in particular for measuring the 
properties of fluids. Certain properties may be determined on the basis of measurable dielectric 
properties by using the present invention, in particular in the case of oils, in particular liquid 
deep-frying fats. 

The present invention relates to a measuring system for determining a property, in particular the 
10 aging condition of a fluid, in particular a deep-frying fat, from a dielectric property of the fluid 
using a first sensor to measure an electric capacitance and a second sensor to measure the 
temperature. 

In addition, the present invention also relates to a sensor system for measuring a dielectric 
property of a fluid by using a dielectric sensor which may be immersed in the fluid and has a 
15 measuring capacitor designed as a stray-field capacitor. 

It is known that oils used for edible purposes as well as those used industrially for mechanical 
applications are subject to an aging process which is influenced by high temperatures, among 
other things. Various chemical reactions take place, altering the quality of the particular oil. 

Oil is frequently evaluated first on the basis of the visual impression, i.e., a decline in optical 
20 transmittance, or increasing discoloration over a period of time. 

However, this variable is only a single parameter which is not generally sufficient for evaluating 
quality. 

For example, a loss of quality in deep-frying fat is often discernible on the basis of other 
parameters even before there is any visible discoloration and may necessitate replacement of the 
25 fat. 

The relevant quality of an oil may be ascertained, for example, by chemical tests, also in 
combination with visual tests. 
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For some time now, it has also been known that the aging condition of an oil may be evaluated 
on the basis of the measured dielectric constant. 

One problem here is the fact that the dielectric constant also depends on the temperature. To 
solve this problem, for example, it is possible to provide for an oil sample to be heated or cooled 
5 to a fixedly predetermined temperature so that a dielectric measurement may be performed at this 
temperature. Such a measuring method is taken into account in US 5,818,731, for example, as 
the related art. 

The above publication also describes measuring methods by which the quality of an oil is to be 
determined by using several measured physical parameters such as a dielectric measured variable 
1 0 and the viscosity of the oil. 

Since the color of a deep-frying fat is one of the most sensitive variables for determining its 
quality, US 5,818,731 proposes combining a measurement of the dielectric constant with a 
measurement of optical transmittance in a certain wavelength range to perform a comprehensive 
evaluation of the quality of oil. To do so, a sample of an oil is placed in a graduated container, 

15 where it is exposed to light of a wavelength of 675 nanometers from a laser diode to measure the 
transmittance in this wavelength range. In addition, a measuring capacitor is used to measure the 
dielectric constant. This measurement is performed after the sample has been heated to a 
temperature between 155°C and 185°C. After the dielectric constant has been measured, the 
measured dielectric constant is converted to the value at a standard temperature between 155°C 

20 and 1 85°C with the help of a temperature measurement and a stored regression curve on the basis 
of the known temperature dependence. This value should then allow a conclusion to be drawn 
regarding the quality of the fat in conjunction with the measured transmittance. 

One disadvantage of the known measuring systems is that the measuring time amounts to several 
minutes up to approximately ten minutes and a certain quantity of the oil used must be taken as a 
25 sample and warmed to perform the measurement. The specimen container must then be cleaned 
thoroughly for a new measurement. 

The object of the present invention in comparison with the related art is to create a measuring 
system and a sensor system of the type defined in the preamble, so that they will be simple to 
construct and will allow a rapid determination of the quality of the particular fluid while being 
30 easy and uncomplicated to operate. 
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This object is achieved with a measuring system according to the present invention by designing 
the first sensor as a dielectric sensor having a stray-field capacitor which functions as the 
measuring capacitor and is immersible in the fluid, while the second sensor is designed as a 
temperature sensor that is immersible in the fluid. 

5 Due to the fact that the dielectric constant and the temperature are measured, basically a 
statement regarding the condition and properties of the particular fluid may be derived. The 
design of the sensors as immersible sensors allows the measurement to be performed in situ 
without having to take a sample to place into a measuring system. This shortens the measuring 
time since there is no need for sampling but also because the measurement is performed at the 
10 temperature prevailing in the fluid volume without a change in temperature. Although this makes 
analysis of measured values more demanding, the measuring procedure itself becomes simpler 
and quicker to perform. In the analysis, the particular temperature at which the measurement is 
performed must be taken into account when the measured dielectric constant is analyzed to draw 
a conclusion regarding the quality of the fluid. 

1 5 Such a measuring system is readily portable and may be used directly for performing 

measurements in containers in which the fluid is used, e.g., in fryers. Such measuring systems 
may also be installed permanently in deep fryers for checking the deep-frying fat used and/or 
such equipment may be retrofitted with such a measuring system. 

According to an advantageous embodiment of the present invention, the first and second sensors 
20 are connected to an analyzer device which assigns a value of the property to be determined to a 
measured temperature value and a measured electric capacitance value. 

Either a computational algorithm or a value matrix may be stored in the analyzer device, so that a 
quality value of the fluid, e.g., the aging condition of a deep-frying fat, may be assigned to the 
temperature and capacitance values measured in each, i.e., the dielectric constant resulting from 
25 them. For example, a concentration of certain polar substance components in the fluid may be 
determined via values determined empirically in advance from the dielectric constant and the 
temperature at which the dielectric constant was measured, and this concentration may in turn 
permit an inference regarding the aging condition of the fluid. 

According to another advantageous embodiment of the present invention, the value of the 
30 electric capacitance measured by the dielectric sensor is compared in a comparator device of the 
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analyzer device with a stored reference value assigned to the measured temperature value and a 
signal is output when the reference value is reached or exceeded. 

In this case the analyzer device contains a value of the measured capacitance and/or the dielectric 
constant determined from it which is still justifiable with respect to the resulting aging condition 
5 of the fluid for each temperature value at which a measurement may be performed, i.e., between 
30°C and 200°C in increments of 0.5°C or 1°C. If this value as a reference value is exceeded, the 
analyzer device outputs a signal after the comparison, warning the user, e.g., in the form of a 
visual or acoustic warning signal. 

The present invention may also be embodied advantageously by a compensation device for 
10 correcting the measured value of the electric capacitance, taking into account a measured 

reference value of a capacitance measured on an auxiliary capacitor located in the vicinity of the 
measuring capacitor. 

The dielectric constant of the fluid is determined by determining the influence of the fluid on the 
stray- field capacitor, which serves as a measuring capacitor when the latter is immersed in the 

15 fluid. A high dielectric constant of the fluid results in an increase in the electric capacitance of 
the measuring capacitor. However, it should be taken into account here that interfering 
influences going beyond immersion of the measuring capacitor in the fluid may also occur in 
measuring the capacitance. For example, there is a capacitance between the feeder lines of the 
measuring capacitor which may be affected by external influences. If the feeder lines of the 

20 measuring capacitor are immersed in the fluid, the capacitance between them also increases, 
which results in an interference in the capacitance measurement to be performed on the 
measuring capacitor itself. For this reason, an auxiliary capacitor is provided, its capacitance 
changing in the same sense as the capacitance of the feeder lines of the measuring capacitor, e.g., 
when the measuring capacitor is immersed too far into the fluid. If the capacitance of the 

25 auxiliary capacitor is monitored, an increase in the electric capacitance of the auxiliary capacitor 
means that the capacitor is immersed in the fluid. This results in the need for compensation of the 
measurement on the measuring capacitor. The capacitance measured there is distorted by the 
effects on the feeder line and must be compensated accordingly. 

The compensation may also provide for the sensor to be pulled a certain distance out of the fluid 
30 until the capacitance of the auxiliary capacitor corresponds to the normal value when an increase 
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in the capacitance of the auxiliary capacitor is observed. This ensures that even the feeder lines 
of the measuring capacitor do not protrude into the fluid. 

However, other ambient influences on the feeder lines of the measuring capacitor and/or on the 
measuring capacitor itself, e.g., temperature influences which go beyond the dependence of the 
5 dielectric constant of the fluid on the temperature, may also be compensated by taking into 
account the behavior of the auxiliary capacitor. 

Furthermore, according to an advantageous embodiment of the present invention, in the case of a 
sensor system for measuring a dielectric property of a fluid with a dielectric sensor immersible in 
the fluid having a measuring capacitor designed as a stray-field capacitor, the sensor has an 
10 auxiliary capacitor, and when the sensor is introduced into the fluid, the auxiliary capacitor is not 
immersed in the fluid until the measuring capacitor has been fully immersed in the fluid. 

Such a sensor system is optimally used in the sense described above for the measuring system 
which is also the object of the present invention. For the best possible compensation, the feeder 
lines of the measuring capacitor and the auxiliary capacitor may be designed to be symmetrical 
15 and of the same design. They are then subject to the same interfering influences in the same way. 

In addition, the sensor system according to the present invention may be designed so that the 
auxiliary capacitor is made up of two spur lines that end upstream from the measuring capacitor 
and are designed and situated like the feeder lines to the measuring capacitor. Any interference 
that might act on both feeder lines equally may be compensated optimally, e.g., by subtraction of 
20 the measured values, due to the symmetry of the feeder lines of the measuring capacitor and the 
auxiliary capacitor. 

According to another advantageous embodiment of the sensor system according to the present 
invention, the measuring capacitor is formed by a plurality of flat conductors, e.g., in the form of 
an interdigital capacitor. 

25 The sensor system may have a particularly simple design due to the fact that the conductors are 
printed on an insulating substrate by a thin-film or thick-film technique. 

The printed conductors may be applied to a flat body or to a round or cylindrical body, for 
example. 

5 
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The cylindrical shape is characterized in that it is particularly space saving, while the flat design 
requires a much shorter time for equalization of the temperature in the fluid due to the larger area 
of interaction with the fluid. 

The temperature sensor in the sensor system according to the present invention may be designed 
5 advantageously in the form of an NTC resistor, a PCT resistor or a temperature element. These 
temperature sensors are inexpensive, easy to calibrate and robust, in addition to having a stable 
performance, so that the entire sensor system need not be calibrated too frequently. 

It has proven advantageous for the temperature sensor to be connected to the dielectric sensor to 
form a structural unit. For example, the temperature sensor may be attached to the substrate for 
10 the printed conductors of the measuring capacitor. In this case, use of the sensor system and/or 
the measuring system is simplified, because only a single probe having the two sensors need be 
introduced into the fluid, i.e., into the deep-frying fat. 

It has also proven to be advantageous for the feeder lines of the temperature sensor to be applied 
to the insulating substrate in the form of printed conductors. This embodiment of the sensor 
15 system is particularly inexpensive and simple to manufacture, and there is no interference in the 
capacitance measurements due to the feeder lines to the temperature sensor. 

The present invention is illustrated in the drawing and explained in greater detail below on the 
basis of an exemplary embodiment. 

Figure 1 schematically shows a measuring system according to the present invention in a first 
20 embodiment; 

Figure 2 schematically shows the measuring system according to the present invention in the 
second embodiment; 

Figures 3, 4 and 5 show various embodiments of a dielectric sensor, in Figure 5 a dielectric 
sensor having a temperature sensor. 

25 Figure 1 schematically shows a measuring system having a sensor system 1 which is immersed 
in a fluid 2, e.g., a deep-frying fat. Sensor system 1 has a dielectric sensor and a temperature 
sensor, which are described in greater detail below. 



6 



3729642vl 



WO 03/060499 



PCT/EP02/14585 



Sensor system 1 is connected by feeder lines 3 to a digital analyzer device 4. Analyzer device 4 
has a first computing device 5 in which a capacitance, a dielectric constant or a value 
corresponding to these values is determined from the measured data. In a second computing 
device 6, the temperature of the fluid is determined from the data supplied by the temperature 
5 sensor. 

In a third computing device 7, a temperature-independent value of the dielectric constant is 
assigned to the value of the dielectric constant and the measured temperature, representing an 
objective criterion for the condition of the fluid, namely in this case the aging condition of the 
deep-frying fat. This may be, for example, a value based on a fixed temperature. The value 
10 determined in this way is shown on a display 8 and is output to the user. Instead of display 8, an 
interface may also be provided for transferring data to another data processing device. 

Figure 2 shows a similar measuring system like that in Figure 1, where the same elements are 
labeled with the same reference numerals as in Figure 1 . 

As in the example described above, the dielectric constant or a corresponding variable is 
1 5 determined in the first computing device. The temperature is determined in second computing 
device 6. 

In addition, in second computing device 6, a certain dielectric constant, which is still just allowed 
at the particular temperature, or a corresponding value, e.g., the measured capacitance for the 
deep-frying fat to be measured, is allocated to the temperature on the basis of the stored 

20 reference data for various temperature values. The reference data is stored in a memory unit 9. 
The value of the dielectric constant determined by first computing device 5 or the corresponding 
variable is compared with the reference variable which is still allowed in comparator device 10 
and is assigned to the measured temperature by second computing device 6. The comparison is 
evaluated by an appropriate first display device 1 1 being activated when the two values match or 

25 when the value found is less than the reference value, indicating that the deep-frying fat is still 
acceptable and usable. 

If the dielectric constant determined by first computing device 5 or the corresponding variable 
exceeds the assigned reference value, second display device 12 is then activated, indicating that 
the deep-frying fat should no longer be used and should be replaced. First display device 1 1 may 
30 be designed, for example, as a green light, with second display device 12 being designed as a red 
light. Comparator device 10 may also be set up so that the deep-frying fat is discarded as soon as 
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the measured value for the dielectric constant matches the reference value and the need for 
replacement is displayed by the second display device. 

The following discussion describes in greater detail how the measured values for the dielectric 
constant and the temperature are obtained. Reference is made first to Figures 3, 4 and 5. Figure 3 
5 shows a portion of sensor system 1 illustrated in Figures 1 and 2 in a side view. Figure 3 shows a 
flat ceramic substrate 13 on which flat printed conductors are printed by thin film technique or 
thick film technique. The printed conductors are advantageously composed of a noble metal, e.g., 
gold. The left part of the diagram shows four feeder lines which are similarly designed and run in 
parallel to one another. 

10 The right part of the diagram shows measuring capacitor 14 which is designed in the form of a 
stray-field capacitor having intertwined coiled printed conductors in a meandering layout. The 
measuring capacitor is shown a second time in the enlarged detail inside the circle, where it is 
more discernible. It has two feeder lines 15, 16 which lead from measuring capacitor 14 to first 
computing device 5 of analyzer device 4. 

1 5 The capacitance of measuring capacitor 14 depends on the medium in which measuring capacitor 
14 is situated because the field lines of the capacitor penetrate into the immediate environment. If 
the measuring capacitor is immersed in a fluid having a higher dielectric constant than air, as 
illustrated in Figures 1 and 2, the capacitance of measuring capacitor 14 is then increased 
considerably. The increase in measured capacitance permits an inference to be drawn as to the 

20 dielectric constant of the medium surrounding measuring capacitor 14. 

In addition to feeder lines 15, 16 of the measuring capacitor, feeder lines 17, 18 are provided on 
ceramic substrate 13, ending as blind spur lines upstream from measuring capacitor 14 and 
forming an auxiliary capacitor, the capacitance of which is also monitored in analyzer device 4. 
Changes in the environment of feeder lines 15, 16 of the measuring capacitor which would 

25 distort the capacitance measurement on measuring capacitor 14 also alter the measurement by 
the auxiliary capacitor formed by feeder lines 17, 18. The amount of interference may be 
determined by the change in capacitance, and the interference in the measurement on the 
measuring capacitor may be compensated. This may become important, for example, when 
sensor system 4 is immersed so deeply into fluid 2 that feeder lines 15, 16, 17, 18 are partially 

30 immersed in the fluid and thus the capacitance of the feeder lines is significantly increased. 
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Due to this compensation, which takes place in a compensation device 5 a of first computing unit 
5, the measurement of the dielectric constant of the fluid becomes much less susceptible to error 
and does not depend on ideal handling of the sensor assembly. The measuring system may also 
be calibrated much less frequently in comparison with known measuring systems. 

5 According to Figure 3, feeder lines 15, 16 of the measuring capacitor and 17, 18 are arranged in 
alternation, but Figure 4 shows an arrangement in which the two feeder lines of measuring 
capacitor 14 and the two blind spur lines of the auxiliary capacitor are arranged directly side-by- 
side. The distance between the feeder lines is selected in such a way that the total width of the 
feeder lines running side-by-side and in parallel corresponds approximately to the width of 
10 measuring capacitor 14. 

In contrast, Figure 5 shows an arrangement in which the feeder lines of measuring capacitor 14 
are arranged directly side-by-side and the spur lines are also arranged directly side-by-side and in 
parallel, but all four lines run in very close mutual proximity and in parallel, resulting in an 
increase in the feeder line capacitance. Therefore, the arrangement is more sensitive, for 
1 5 example, to whether the sensor is immersed so deeply in the fluid that the feeder lines are already 
surrounded by the fluid. 

A temperature sensor 19 in the form of a temperature element is shown schematically as an 
example at the end of ceramic substrate 13 illustrated in Figure 5. This temperature sensor 
measures the temperature of the fluid in the immediate vicinity of measuring capacitor 14 when 
20 the latter is immersed. Temperature sensor 19 is connected to analyzer device 4 by two feeder 
lines, which run on the back side of ceramic substrate 13 and are not shown in the figure, and are 
in turn connected to second computing device 6 for determining the temperature. 

The feeder lines shown in Figures 3, 4 and 5 end at the end of ceramic substrate 13 each with 
widened printed conductor segments 20 which may function as plug contacts for a plug to be 
25 attached there, forming the end of a flexible cable whose other end is connected to analyzer 
device 4. The flexible cable may be appropriately shielded to prevent influences on the 
capacitance of the feeder lines of the capacitors. 

Short measuring times, high measuring accuracy and a reduced calibration expense in 
determination of dielectric properties of oils, in particular deep-frying fats, are provided by the 
30 measuring system depicted here in combination with the sensor system used for this purpose. 
However, the measuring device may also be used in determining other quantities of fluids 
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associated with the dielectric constant. This is not limited to liquids but instead it may also be 
used in gases, e.g., insulating gases for electric facilities. For example, use of a measuring device 
as depicted here in monitoring the quality of motor oil in motor vehicles is also conceivable as a 
mass-produced product. The driver of the vehicle may then be notified by a light on the 
5 dashboard not only as a function of the engine performance but also according to the actual 
quality measurement of the motor oil. 
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